Introduction: As the global burden of neurological disorders continues to rise, physicians' need for a solid understanding of neuroanatomy is becoming more important. Traditional neuroanatomy curricula offer a limited approach to educating a diverse profile of learning styles. In an attempt to incorporate recent literature addressing diverse learning formats, we developed and evaluated two new image-based resources for the neuroscience curriculum. Methods: We created narrated videos demonstrating the brain dissections that students were to perform in the laboratory and quiz-style, postdissection review slides for later self-guided study. These were offered as optional study aids to two classes of preclerkship medical students at the Uniformed Services University of the Health Sciences F. Edward Hébert School of Medicine. Effectiveness was evaluated through examination questions, and a survey was administered to one of the classes to assess usage of and satisfaction with the materials. Results: Mean scores on the practical examination questions were 83% and 89% for the two classes of students given the resources. Notably, 100% of respondents used the review slides after the laboratory, and more than 99% found them very helpful or extremely helpful for learning relevant concepts. Discussion: Our results support the usefulness of these resources as learning tools for neuroanatomy. These resources were meant to augment various traditional resources (textbooks, lecture) to provide a broad range of study options in line with current research. Our experience suggests that similar tools could be developed for application in other visually based content areas of the preclerkship curriculum.
Introduction
In the early 1990s, Ralph Jozefowicz, a physician dual-certified in internal medicine and neurology, observed a highly prevalent condition among his medical students that he described as "a fear of the neural sciences and clinical neurology." 1 In 1994, he published an article on the affliction, proposing that the succeed in the classroom setting, the retention of this knowledge beyond medical school is minimal. 5 The study of human anatomy has been documented for thousands of years; however, the past few decades have witnessed new didactic modalities and techniques developing at an unprecedented rate. 2, 6 With the introduction of electronic resources and the ubiquitous nature of internet access, the classical stereotype of a professor speaking at length to a large classroom of students feverishly scribbling notes is waning in medical education. 2 Multiple studies have revealed students' preferences for a breadth of resources, self-directed study, and electronic integration. [6] [7] [8] [9] With this in mind, we set out to develop learning resources to supplement the traditional lecture-based and hands-on laboratory teaching that has been the staple in neuroanatomy education for decades. The materials have been designed to be implemented in a self-paced, independent learning format. The target audience is preclerkship medical students or students in other health professions curricula who are at the beginning their neuroanatomy education. Students should be familiar with basic anatomical terminology and should have appropriate training in biological tissue handling and laboratory safety.
Several learning tools for brain anatomy have been described and made available in MedEdPORTAL within the past few years. These include two sets of instructions for making threedimensional brain dissections 10, 11 ; a team-based learning activity that focuses on key brain structures and functions 12 ;
and a rotatable, sliceable, stereoscopic "virtual brain."
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Although there is some overlap between our learning module and these previous works, our module is broader in scope, as it covers both the external and internal features of the brain, as well as the brainstem and cranial nerves. Our work is also unique in that it combines multiple learning formats, comprising a hands-on, wet lab with written instructions and video demonstration; a self-paced, interactive review of structure, function, and clinical application; and ample questions for formative assessment. This combination provides repetition to help reinforce concepts while also affording learners a substantial degree of individual control over the learning experience. Finally, this project adds to the educational literature by providing insights into medical students' usage of and preference for the individual tools within a multimedia learning module. This information can be used by educators to guide the implementation of this package at their institutions or the design of similar packages for other content areas in the preclerkship curriculum.
Methods

Development of the Learning Module
We developed this learning activity for use in the preclerkship neuroscience module in the integrated, systems-based medical curriculum at the Uniformed Services University of the Health Sciences (USU). The project was motivated by frequent requests from students for additional visual-based learning aids to supplement traditional lecture and laboratory exercises since the new curriculum was implemented at USU in 2012. In response to these requests and in an attempt to incorporate the student preferences examined by Prithishkumar and Michael, 8 we produced both anatomical dissection videos
(Appendices E and F) and quiz-style anatomy review slides (Appendices G and H). These tools were intended to assist students' understanding of neuroanatomy in three ways: (1) guiding the students through the steps of the actual dissection to eliminate concerns associated with the logistics of dissection, (2) focusing their attention on the learning objectives developed by the teaching staff, and (3) utilizing clinical correlation as appropriate to retain interest and foster understanding of application. The videos, which demonstrated each step that students were expected to take once they entered the anatomy laboratory, were envisioned as being particularly helpful to prepare the students to perform the dissections and therefore learn more efficiently during the laboratory session. The postdissection review slides were developed primarily for use after the lab to aid understanding. We chose the content of these resources to match that of the introductory lectures and laboratory exercises in the neuroscience module. This content was selected by the neuroscience faculty and has been reviewed annually by both the faculty and the Executive Curriculum Committee.
Suggested Use of the Module
To fulfill all of the expected learning objectives, the provided resource files and associated documents (Appendices A-I) should be considered as a complete package rather than as stand-alone components and, as such, should be used all-inclusively. The following items are necessary for each group of four students to complete the brain dissections:
r Anatomy textbooks 14, 15 : The referenced textbooks were used for suggested reading (see Appendix B) to provide relevant clinical associations and further highlight the anatomy being taught in the module.
r One cadaveric brain (in cases where human brains cannot be purchased for logistical or regulatory reasons, another option is to use brains that are removed from human cadavers during a gross anatomy course, as we have described previously 16 ).
r One red biohazard bag for collection of dissection products.
r Personal protective equipment: nitrile gloves, eye protection, scrubs, lab coats/aprons, and face masks.
r Tools for dissection (see Appendices C and D, final page).
Implementation of the Learning Module
This neuroanatomy learning module was used by two classes of medical students as part of their larger preclerkship neuroscience module (354 students total). The activity occurred on the first 2 days of the module. All materials were available to firstyear medical students at the beginning of their neuroscience module and could be used at the discretion of the student.
Prior to the dissection, we encouraged students to study the material provided to them (see Appendices C-H) to maximize dissection preparation. We also gave the students an optional predissection questionnaires (Appendix A) to assess their current level of knowledge, a list of suggested readings, and written step-by-step instructions with the list of structures to be identified during the dissections (Appendices C and D). In addition, we instructed students to watch the video tutorials (Appendices E and F). Once the dissections were completed, we encouraged students to study the relevant postdissection review slides (Appendices G and H). The review slides reinforced the identification of checklisted structures and associated key anatomical relationships. They also featured practice questions to apply learned concepts from the suggested readings, video tutorials, and anatomy dissection. Please note that editing these files will disrupt the internal links within the animations of the review slide presentation, and therefore, editing is strongly discouraged.
Logistics
We gave each group of four students a single preserved human brain to carry out both the external and internal topography labs. We stored the brains in thymol solution, and they were available for students to use within the anatomy lab both during and after the laboratory session. Setup and cleanup time for the two laboratory sessions varied depending on the availability of faculty and the group's own pace of work and generally ranged from 1.5 to 2 hours per lab.
Data Gathering
To evaluate students' understanding after completing the learning module and performing the dissections, we administered a practical examination consisting of 11 questions drawn from the content of the activity. Following the practical examination, we asked the students in one class to voluntarily complete a written, 5-point Likert-scale survey. The surveys were given on paper during a mandatory laboratory, and participation was optional. We created the survey to assess students' usage of the learning tools, as well as their opinions of the helpfulness of these tools for preparing to perform the laboratory and learning the anatomy in preparation for the practical examination. Survey responses were intentionally not correlated to anatomy examination scores in the interest of students' privacy and to ensure honesty in their responses.
Results
The mean scores for the practical examination for the two classes of students who were given the learning resources were 83% and 89% (standard deviations were 11% and 10%, respectively).
For the class that was given the usage and satisfaction questionnaire, 160 students (89%) completed the external topography survey, and 154 students (86%) completed the internal topography survey. As shown in Tables 1 and 2 , almost all students who used the videos found them helpful, giving ratings of 3 out of 5 or higher when asked, "How helpful was the video in preparing you to perform the dissection?" and "How helpful was the video as an aid for learning the relevant anatomy?" (3 = somewhat helpful, 4 = very helpful, 5 = extremely helpful). Fifty-five percent of respondents (n = 57) rated the external topography video as very helpful or extremely helpful for preparing to perform the dissection. The percentage of students rating the internal topography video as very helpful or extremely helpful for dissection preparation was slightly smaller (48%, n = 45).
Student reaction to the postdissection review slides was overwhelmingly positive. Table 1 shows that 78% of responding students (n = 109) rated the external topography postdissection review slides as extremely helpful for preparing for the dissection, and 98% (n = 157) rated them as extremely helpful for learning the anatomy. Table 2 shows a similar positive response for the internal topography review slides, with 75% (n = 98) and 96% (n = 148) of students providing the highest rating for preparing for the dissection and learning the anatomy, respectively.
We also surveyed the students to assess when and how frequently they used these learning tools. Tables 3 and 4 show that the majority of students who used the videos to prepare for the dissection or study for the examination did so once. Usage of the videos was higher prior to the laboratory sessions than afterward, although interestingly, 40% of respondents (n = 63) did not view the external topography video prior to the lab and 44% (n = 68) did not view the internal topography video before the dissection. Nearly 80% of respondents used the review slides prior to the corresponding laboratory sessions. After the dissections, 100% of respondents used the review slides, with a majority reporting that they used each of the slide sets more than five times.
The cadaveric brain used for the dissection was also available to students after the laboratory session as a study resource. Tables 3 and 4 show that a majority of students used the cadaveric brain at least once or more for further study (external topography use: 78%, n = 123; internal topography use: 79%, n = 121). Most students who revisited the brain specimen in preparation for the examination did so once. For both labs, nearly 60% of respondents rated the cadaveric brain as very helpful or extremely helpful for learning the anatomy (Tables 1 and 2 ).
Discussion
Neuroanatomy is frequently singled out as one of the most challenging of the anatomy classes offered to earlylevel medical students. [1] [2] [3] One of the reasons behind this perception, as discussed by Hazelton, 2 is the "complexity and interconnectedness of the central nervous system," necessitating that it be taught in a more system-based than topographical manner. Hazelton also points out the inconvenience that central nervous system pathology does not present locally, resulting in the classic "identify the lesion" board question and inducing a disconnect between pathology and anatomy not found in other organ systems, such as musculoskeletal or gastrointestinal anatomy. 3 Our intentions were to reconcile this difficulty with the fact that a basic understanding of the structure, vasculature, and diseases of the brain and spinal cord are important to physicians in virtually every specialty. 2 The videos and review slides are intended to work with associated lectures, textbook readings, and, most importantly, laboratory dissections of a medical school-level neuroscience course (see Appendices C and D, as well as textbooks by Agur and Dalley, 14 Moore, Dalley, and Agur, 15 Blumenfeld, 17 and Haines 18 ). In the face of a changing medical education paradigm in which cadaveric dissections are becoming more rare, 19 we believe that the dissections themselves, a cornerstone of medical education for hundreds of years, are the most effective way to understand, retain, and recall knowledge of anatomy. 2, 19, 20 Therefore, the videos and postdissection review slides in our resource are intended to synergistically augment the dissections. The combined results of the practical examinations and the usage surveys indicate that the learning resources were effective tools for accomplishing the stated educational objectives.
By far, the most popular resource was the postdissection review slides. Both sets of review slides were used by 100% of respondents in preparation for the examination, and 96% to 99% of students found them extremely helpful for learning the anatomy. The results also suggest that the slides were most well received for reviewing the anatomy after the lab rather than for preparing for the dissection, consistent with the instructors' intentions. Similarly, the videos received greater use prior to the dissection, in line with their intended purpose as preparatory materials. The videos were very popular among those who watched them; however, more than 40% of survey respondents did not use them prior to the corresponding dissection. This is in contrast to our prior publication in which a follow-up survey revealed that 100% of respondents watched a preparatory video of a cadaveric dissection of the cranial cavity at least once before the laboratory session. 16 We note several explanations for this apparent disparity-variations in the technical difficulty of the dissections, different questions on the surveys administered to assess the resources, and the fact that the videos for the current study corresponded to the first two dissections of the moduleso students may have felt that they had too little time to access all of the preparatory materials. Additionally, some students may simply have preferred not to learn by this modality, some may have preferred more control over the pace of the resource (suggested by the preference toward the review slides and the strong student preference for self-directed study 9, 20 ) , and some may not have studied for this test no matter the resources available.
The adoption of abbreviated preclerkship periods in modern medical curricula has instigated a reduction in instructor-guided learning time. 2 This new paradigm has created a need for resources to augment traditional classroom-based learning activities; at the same time, students have repeatedly expressed interest in self-directed study. 9, 20 Our results suggest that online resources, such as the videos and review slides described here, support these didactic shifts.
Although not every student used every resource, the breadth of resources made available to students was intended to provide studying options between active and passive, videos and pictures, and so on, as well as to provide ample opportunity for spaced repetition, which is a well-documented and necessary element of adult learning. 21, 22 In light of these goals, we consider the survey results promising; each resource was used by most students in the class, and each proved helpful for its intended use.
Limitations
As mentioned earlier, we made a determination that the class size and the response rate of our survey were not large enough to sufficiently anonymize the data and establish a correlation between examination grades and studying habits. For that reason, it was not possible to comment on the efficacy of any particular combination of these resources in relation to examination performance. Furthermore, an analysis of similar methods in 2016 in which examination performance was compared to the use of dissection audiovisual resources showed mixed results. 23 We therefore acknowledge that although our data suggest the students enjoyed the new resources, we are unable to conclude that they developed more robust neuroanatomical understanding as a result of their use.
We also acknowledge the inherent selection bias when a response rate is below 100%. Although the opinions of the 11% or 14% (external topography and internal topography surveys, respectively) of students who did not answer the survey cannot be known, we agree that response rates were high enough to allow discussion of generalized results. Furthermore, to address these limitations, we chose not to propose correlations between use of our resources and long-term (postgraduation) clinical retention of neuroanatomy.
Our conclusions are therefore threefold: that the students seemed to enjoy having the expanded resources, that they were able to learn the material without needing to spend countless hours in the anatomy laboratory, and that this approach contributes to reduced stress levels, a more enjoyable learning experience, and greater enthusiasm for neuroscience as a discipline (which has been suggested to correlate with better retention of the material 3 ). We also believe that although it remains to be seen whether these tools help students learn neuroanatomy more effectively, students do learn more efficiently, allowing them more time for further self-directed study.
Future Direction
The 2008 study by Mateen and D'Eon 5 showed a drastic loss of basic neurology knowledge from the first year of medical school to the fourth year based on a readministered first-year examination. In an attempt both to remove the subjectivity inherent in the surveys we administered and to better approximate long-term retention, we plan to explore this phenomenon with the first USU class exposed to these neuroanatomy modalities (USU class of 2020) and assess the impact, if any, that the videos and/or review slides have on class members' retention of basic neuroscience and anatomy.
Finally, as of this publication, three videos have been produced along with associated review slides: external topography of the brain; internal topography of the brain; and scalp, meninges, and dural partitions. 16 Based on continued positive feedback from students and teaching assistants, our intentions are to incorporate this set of resources into each of the 11 dissections in USU's neuroscience module. The survey results show student appreciation for the recent expansion of resources consistent with their intended purposes. This encouragement motivates the continued use and development of e-learning tools to supplement neuroanatomy education, with the ultimate goal of increasing understanding and retention, thereby reducing neurophobia.
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